SUMMARY The results of applying the Wartenberg pendulum test to the assessment of muscle tone in populations of stroke and Parkinsonian patients are described. The test was able to distinguish between increased muscle tone of the spastic or rigid type. The Parkinsonian patients showed a marked reduction of the maximum velocity of the leg swing, with the relaxation index tending to a value of about one. In contrast the affected limb of stroke patients showed a lesser reduction of the velocity of the swing, the relaxation index tending to a value of less than one.
A simple test for the quantitative measurement of spasticity or rigidity would be valuable to both the clinician and the research worker. The Wartenberg pendulum test,' recently re-introduced by Bajd and Vodovnik2 is such a test and we have shown in a previous paper3 that it is suitable for use with elderly healthy subjects. In this paper we not only re-appraise the test in its computerised version4 on patients with Parkinson's disease but examine also whether the test can be extended to assess spasticity in a population of elderly stroke patients. We were anxious to establish whether it was practicable to apply the test to both sets of patients and to gain quantitative information that could relate to the underlying theoretical concepts of their conditions.
A preliminary abstract of some of these results has been presented.5
Metbod Patients
The project was approved by the local ethics committee, and all subjects freely gave their informed consent. A summary of the patient data is shown in table 1. Stroke patients The 30 subjects were all inpatients from tPresent address: Department of Geriatric Medicine, City Hospital, Edinburgh, EHIO 5SB, UK. geriatric rehabilitation wards in Dundee district hospitals. All had suffered a stroke within the last 3-9 months. Only those patients whom we considered capable of sufficient relaxation during the test were selected. Prior to the pendulum test, they were given a clinical examination which included evaluation of power, tone and reflexes in the lower limbs.
Patients with Parkinson's disease Twenty subjects were entered into this group. All were ambulatory and the majority living at home. These patients prior to testing had been seen in outpatients and had been clinically assessed using the Webster6 and Hoen and Yahr' rating scales.
Recording
The experimental methods used in these investigations were similar to those described previously,3 that is the movement of the lower leg swinging under the action of gravity was recorded and analysed. However, in contrast to a previous investigation on healthy elderly people who were tested in three positions, lying, seated and an intermediate semisupine position with the back supported at an angle of 300 1178 Data handling and presentation The data were entered into the University mainframe computer (DEC 10) and then submitted to analysis described in the previous paper.3 The data were tested statistically with the paired t test, the two sample t test or the Fisher-Behrens test, as appropriate.
As in the previous paper3 some of the data are presented in the form of "Box and Whisker" plots. Such presentations, by their markers, provide five items of data. The box indicates the middle 50% of the data values between the upper and lower quartiles, the line within the box is the median value and the "whiskers" extend to the extremes ofthe range. Thus one may visualise the overall range, the nature of the distribution, with a measure of its variability and any tendency to skewness.
Results
The results are presented in three sections, first those ) and unaffected (n = 15) limbs of stroke patients and a control group (n = 30) whose results were reported in the preceding paper.3 Each box incorporates the central 50% of the values in the distribution, the bar within the box indicates the median value, and the outer bars mark the extremes of the distributions. In the case of the unaffected stroke patient's data there were three values which lay outside the 95% limits of the distribution and these have been expressed individually as points.
from the stroke patients, second those from the patients with Parkinson's disease, and finally a comparison between these two sets of data.
Stroke patients The first step in conducting the pendulum test was to lift the lower leg to the horizontal position. Only if the full weight of the limb was borne by the investigator was it then considered that the patient was satisfactorily relaxed. Fifteen of the patients were judged by this criterion to have relaxed their leg sufficiently for the test to give meaningful data from both legs. Twelve of the patients relaxed the affected leg but not the unaffected leg and three patients were not able to relax either leg sufficiently for the data obtained to be included in the results. Therefore this paper includes the data from the affected leg of 27 patients in total but where comparisons of the data from the affected and unaffected legs are presented the data have been obtained from 15 patients.
Examples of experimental records obtained from a spastic stroke patient who was able to relax both affected and unaffected leg are shown in fig 1. It is immediately apparent from these records that the swing patterns of the two legs are quite different. The right, unaffected, side gives records which are similar to those previously recorded from normal healthy control subjects.3 The record from the left, affected side, differs markedly. The most obvious difference between these records is that the unaffected leg overshoots the final resting position whereas the affected leg does not. The shapes of the downswing traces also differ on the two sides; the unaffected leg produces a smooth trace without the inflection seen on the trace from the affected side. This inflection is the characteristic feature of the trace from a spastic limb. The relaxation index, also referred to as R2, has been used as a means of quantifying the spasticity from a record of a pendulum swing by Bajd and Vodovnik2 and this index was also measured from the records of the elderly normal subjects.3 For the normal subject the relaxation index (R2) is calculated as the ratio between the angle difference of the first swing and the difference in angle between the initial position and the final resting position (see ref 3, fig 1) . For records from spastic limbs showing an inflection, the relaxation index was calculated as the ratio of the angle change to the point of inflection and the difference in angle between the start and rest positions. Thus the record from the spastic leg shown in fig 1 shows a start angle of 370, and angle at the inflection of 590, and a final angle of 1000. From this data the relaxation index is calculated as (59-37)/(100-37) = 0 35.
The distribution of the relaxation indices recorded from the affected legs of 27 patients is shown in the left hand box plot of fig 2. The mean of these data is 0 99, Wartenberg's pendulum test in stroke and Parkinsonian patients SD 0-41. In comparison the mean relaxation index of 1 54, SD 0-09 for healthy elderly subjects in the same semi-supine position3 was significantly higher (p < 0-001). Data from the unaffected legs of the 15 subjects whose results were usable gave a mean relaxation index of 1-21, SD 0-17; this value was also significantly different (p < 0001) from the control mean of 1 54 given above.
The relaxation indices for the 15 subjects, from whom records from both sides could be obtained, are shown in fig 3. For 11 of the subjects the relaxation index was less on the affected side than on the unaffected side but for four the ratio was greater for the affected side than for the unaffected side; this will be further considered in the discussion.
The box plots of fig 4 show The angle data were also used to calculate the maximum acceleration during the initial downswing and the rebound (table 2) .
Systematic longitudinal studies of individual stroke patients were not attempted in this project. However data were obtained from one patient at an interval of 13 weeks. with rigidity, whilst those on the right show set of traces from a patient with marked Points worthy of note are the reduced ni oscillations of the leg of the patient with mil as compared with that ofa normal control su the complete lack of any oscillations for tb with marked rigidity.
Collected data on the relaxation indices f legs, of the 20 patients irrespective of sex, a in the box plots of fig 7. It can be clearly ap that there is little difference in this measure legs, and that for the majority of these patii relaxation indices are below those of norma (see reference 3, fig 3) . Figure 8 shows Figure 9 shows such plots of the data from the Parkinsonian patients and from both the affected and unaffected legs of the stroke "IV patients. Also shown on each of the plots is the convex hull of the data from the control subjects in the semisupine position (see reference 3, fig 4) ; the convex hull of a group of data points is formed by drawing a line connecting the outermost data points. These plots reveal that the data from the patient groups splay out i\6 from the position of the control data. The data from the unaffected legs of the stroke patients are with the exception of a single point, not far outwith the convex hull of the relevant normal control group, whereas the data from the affected legs stretches from the control data towards the y-axis. In contrast the data from both legs of the Parkinsonian patients stretch from the control data towards the x-axis. corresponding data of a group of 30 elderly healthy control subjects and who had been investigated in the same semi-supine position as had been adopted by the patients when tested. The convex hull allows easy appreciation of how much a patient's data diverge from normal.
Discussion
The traditional clinical method for the assessment of muscle tone involves estimation of the resistance to manipulation of the limb by the investigator. An explanation of the differences in the data obtained from the stroke and Parkinsonian patients requires consideration of the principles underlying the test. On release from the horizontal position the lower leg is subjected to angular acceleration. In a spastic limb a stretch induced contraction of the muscle is brought about at stretch velocities of between 8-70 x 10O2rad.s-' and 3-4rad.s-'.9 The mean value of the maximum velocity during the downswing in normal subjects was in excess of 4 rad.s1-(see reference 3, table 2) , that is a greater velocity than that required to activate a spastic limb. Therefore a spastic limb will reach under test a velocity sufficiently great to evoke a reflex response. This is the cause of the inflection seen in the trace obtained from the spastic limb illustrated in fig 1. The greater the velocity the sooner in the trace the inflection caused by spasticity would be expected and hence a lesser value for the relaxation index. The mean value for the relaxation index is indeed significantly less than that obtained from control subjects tested in the same position.
The recorded value of the relaxation index was as low as about 03 in some of the spastic patients whereas the relaxation index recorded from the Parkinsonian patients was not less than about 1. rejected from all subjects who did not fit the criterion described in Results. It is likely therefore that the clinically "unaffected" side was in fact affected. Possibilities are that the test is sensitive enough to detect the effect of a cerebrovascular accident on uncrossed nerve fibres of the corticospinal tract,'0 or that changes are produced bilaterally at the segmental spinal level as a result of the altered functions of the affected side.
In 11 out of the 15 stroke patients in whom both sides could be tested satisfactorily the value for the relaxation index was less on the affected than on the unaffected side. More surprisingly, in four of the stroke patients (see marked data in fig 3) the value from the unaffected side was less than that from the affected side. Three of these patients had relatively high values of relaxation indices and did not show any marked degree of spasticity on either side and the fourth patient had been found on clinical examination to be somewhat spastic on both sides. It may be that the four patients had multiple cerebral lesions affecting both cerebral hemispheres but that clinical evaluations failed to identify this. In future studies computed tomography of the head, both immediately after the stroke and prior to testing, might be useful in investigating this point.
The maximum velocity during the initial swing was significantly less than that recorded from the control subjects for both the stroke patients and the Parkinsonian patients. In the stroke patients, there was no systematic difference between the maximum velocity recorded from the affected and unaffected legs, a finding also reflected in the similarity of the means of the data from the affected and unaffected sides. The velocity of the swing could be affected by a number of factors such as the mechanical properties of the knee joint and quadriceps muscle, and also of course any reflex activity in that muscle. In the case of spastic as opposed to rigid muscle such reflex activity would not come into effect until the velocity of the swing is sufficient to activate the stretch reflex. This is evident from fig 9 in which it is apparent that as the data points move out from the area control data there is a very much smaller reduction in velocity than is the case with the Parkinsonian patients' data points. The lower leg of the Parkinsonian patients swings down at lower velocity than does that of the affected side of the stroke patients. The velocity in the former is too low to bring about any reflex activation of the quadriceps, a fact evident from the lack of an inflection on the traces from the Parkinsonian patients. These differences in relaxation index and velocity between stroke and Parkinsonian patients account for the distinctive difference between the velocity/index plots of fig 9 for the two different types of patient.
The question arises as to the clinical application of
